enetically engineered mice have enormous potential in the study of the pathogenesis and treatment of atherosclerosis. Apolipoprotein E-knockout (apoE-KO) mice spontaneously develop atherosclerosis and although they are the most popular model worldwide, 1-3 most experimental studies have been limited to ex vivo examinations. In order to detect the vascular lesions in situ, we need a angiography system that can detect the small vessels in a mouse, but current angiography systems using conventional X-ray imaging with an X-ray tube cannot provide images of arteries less than 200 mm in diameter. A new angiography system, synchrotron radiation (SR) microangiography, has been developed, 4,5 which uses monochromatic SR as the X-ray source and a high-definition camera or video system as a detector. A third generation synchrotron radiation facility has been recently constructed in Harima (SPring-8), Japan. 6 It is characterized by the small sized electron beam for a high-intensity X-ray point source, and the X-rays are nearly parallel. Moreover, for high spatial resolution during real-time microangiography, a new detector system has been developed to improve image quality. 6 These technological advances in microangiography have facilitated the detailed study of microvessels ex
vivo and in vivo; in particular, it is now possible to study murine peripheral arteries. 7 
Methods

Imaging System
The present study was performed from April 2000 to March 2002 at the ring experimental hatch of beamline 20B2 at SPring-8 (Japan Synchrotron Radiation Research Institute) in Hyogo, Japan. Monochromatic SR with an energy level of 33.2 keV was obtained from the beamline 20B2 of SPring-8. Monochromatic X-rays at energies just over the iodine K-edge energy were used to produce the highest contrast image of iodine contrast material and for high resolution real-time imaging (7×5 mm, 30 frames/s), the new X-ray SATICON camera (Hitachi Denshi TechnoSystem, Ltd and Hamamatsu Photonics K.K., Japan) was used. 6 The images were stored digitally on a computer (1,024×1,024-pixel digital format, 10-16 bit/pixel). The combination of SR and the high-resolution detectors resulted in a spatial resolution of 7-10 mm (Details of the imaging system used in the present study have been described previously. 6, 8 ).
Animal Preparation
Twelve female apoE-KO mice (offspring of homozygous apoE-KO mating, backcrossed onto the C57BL/6 background) at the age of 15-16 months were provided with standard chow (Oriental Yeast, Japan) and water ad libitum and maintained on a 12-h light/dark cycle. All animal experiments were conducted according to the 'Guidelines for Animal Experiments at Kobe University School of Medicine'. Under anesthesia with pentobarbital sodium, the right carotid artery was cannulated with a short length of Genetically modified hyperlipidemic mice provide important information on the pathogenesis of atherosclerosis, but most experimental designs are limited to in vitro or ex vivo examinations. The present study was designed to detect atherosclerotic lesions in situ in apolipoprotein E-knockout (apoE-KO) mice using a newly developed angiography system, synchrotron radiation (SR) microangiography, which uses monochromatic SR as an X-ray source and a high definition camera or video system as a detector. Digital microangiography with 7 mm pixel sizes was carried out and atherosclerotic lesion in small arteries less than 500 m in diameter were detected. Moreover, the coronary artery stenotic lesion of an apoE-KO mouse was detected in situ with the angiography system. The new SR microangiography system is a powerful tool for investigating atherosclerotic lesions in situ in genetically engineered mice and will promote the basic study of atherosclerotic disease. (Circ J 2002; 66: 1057 -1059)
Key Words: ApoE-KO; Atherosclerosis; Microangiography; SPring-8 G SP-8 tubing (0.5 mm outer diameter) connected to SP-31 tubing (Natsume Manufactory, Tokyo, Japan) and the contrast agent was injected via these tubes. To obtain images of the cervico-thoracic area, the top of the inserted tube was positioned at the right common carotid artery, and for imaging of the coronary arteries, the tube was further inserted and placed at the aortic root just above the aortic valves. Angiography was performed with an automated injector (Nihon Koden, Japan) that was programmed to reproducibly deliver 0.2 ml/s of non-ionic contrast media containing 40% iodine (Iomeprol; Eisai, Tokyo, Japan) for 2 s. Serial images of the mouse vessels were then recorded. After the experiment, animals were killed with an overdose of pentobarbital sodium and the target organs were removed and fixed with 10% formaldehyde. Specimens were embedded in OCT compound (Tissue-Tek, CA), and 8-m thick cryosections were made and stained with hematoxylineosin. Histological analysis compared the angiographical imagings with the actual anatomical findings.
Results
Atherosclerotic lesions were detected in the arteries of apoE-KO mice by the SR microangiography system (Fig 1) . The actual left carotid lesion and the eccentric lesion on the angiographic image were identical in the histological analysis (Fig 1 A,B) . The lesion in the proximal brachiocephalic artery did not appear to be severe on angiography, but histology revealed it to be a very advanced lesion (Fig1C,D) . In an apoE-KO mouse aged 15 months, the severity of the arteriosclerosis lesions in the brachial artery could be estimated by SR angiography (Fig 1 E,F) . A severe stenotic lesion was detected at the proximal end of the left circumflex coronary artery (Fig 2A) and histological analysis confirmed the presence of severe coronary atherosclerosis (Fig 2B) . Fig 2C is a horizontal section of 
Discussion
For the first time angiographic images of atherosclerotic lesions in apoE-KO mice have been demonstrated in vivo. Other have shown that the atherosclerotic lesions develop in the aortic root and aorta at an early age and in the peripheral arteries after 12 months, 3,9 and we have previously shown atherosclerotic lesions in the coronary, carotid, and subclavian arteries in apoE-KO mice at the age of 15 months. 3, 10 Until recently, most studies of atherosclerotic lesions in the mouse have been limited to ex vivo examinations and so the mice were always killed. Therefore, repeated examinations in the same mouse to study the time course of the atherosclerotic lesions could not be performed. However, the newly developed SR microangiography system will enable repeated analyses in the same mouse and avoids the need for multiple experimental groups of large numbers of mice killed at different time points.
Several diagnostic imaging methods used for investigating human cardiovascular diseases have been used in animal models such as rabbits or rodents, including mice, but one of the most difficult problems and limitations has been the size of mouse organs. A mouse weighs only 20-30 g and the heart is less than 10 mm in vertical length. Furthermore, in cardiovascular research, the high heart rate (~500-700 beats/min) is another problem. Despite those limitations, several experiments with diagnostic imaging of mouse cardiac function were recently carried out using echocardiography 11 and magnetic resonance imaging (MRI). 12 Moreover, Fayad et al reported that noninvasive in vivo high-resolution MRI with a high-field magnet could detect atherosclerotic lesions in the aorta, but not in the peripheral and coronary arteries, of apoE-KO mice. 13 We were able to detect coronary stenotic lesions in the beating heart of an anesthetized apoE-KO mouse. The heart rate of the mouse is approximately 300 beats/min under anesthesia, but using the new microangiography system, we could record 30 frames per second. The SR system could be used to detect small vascular lesions, such as in the mouse peripheral and coronary vessels; 8 however, one of its limitations is the underestimation of the severity of lesions in some cases, as happens with human angiographical analysis. Further study is needed to resolve this problem.
In conclusion, the microangiography system using synchrotron radiation can detect mouse atherosclerotic lesions in vivo. Advances in angiographical imaging will accelerate our understanding of the pathogenesis of atherosclerosis and further improvement in the SR microangiography system will enable us to visualize human microvascular diseases, such as microvascular angina (syndrome X) and Raynaud's phenomenon, in the near future.
